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Abstract 
With a body-size clinical setup in mind providing power to wireless and batteryless medical inspection capsules, a 
dedicated Class-E driver was designed, simulated and tested. With a supply of 50 V, a Vds of 500 V is generated 
driving a current through a 147 μH Helmholtz coil, thereby generating an alternating magnetic field at 1 MHz, 
sufficiently strong to drive a self propelled gastrointestinal inspection capsule. The volume in which capsule 
operation is guaranteed, is boosted (by a factor of 20 compared to previous work) to 0.18 m3, covering the complete 
upper body. 
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1. Introduction 
The VECTOR project [1] intends to develop more intelligent endoscopic capsules than the state-of-the-
art. A major requirement is the replacement of the power source of existing endoscopic capsules [2-3]. 
Powered by a number of coin batteries, both lifetime and functionality are limited. Replacing the battery 
with an omni-directional inductive link introduces an unlimited timeframe of operation thereby enabling 
extra functionalities. With this idea in mind, a body-size clinical setup was devised based on a Helmholtz 
configuration, sizing Ø 75 cm x 40 cm width, and a dedicated Class-E driver. The volume wherein 
operation can be guaranteed by this coil is boosted to 0.18 m3. Compared to earlier work of Carta et al [4] 
where a Helmholtz coil sizing Ø 30 cm x 12 cm width was used, this is an improvement by a factor of 20. 
In Class-E amplifiers, the transistor operates as an on/off switch and the load network shapes the 
voltage and current waveforms to prevent simultaneous high voltage and current in the transistor, thereby 
minimizing its power dissipation [5]. The driver circuit is depicted in Fig. 1. In this work, the load R is 
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part of the coil L which is used to generate an alternating magnetic field. The frequency of operation (1 
MHz) was adapted towards a number of wireless medical inspection capsules developed in the past [6-7]. 
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Fig. 1. Schematic of a Class-E power amplifier. In this work, load (R) and inductor (L) are one element: the Helmholtz coil. 
2. Circuit Design and Simulation 
The IRF840 was chosen as the switching transistor M having an on resistance of only 0.85  and 
allowing a Vds of 500 V. The gate of this transistor is driven by a clock signal, through a buffer IC, the 
EL7104CN, powered at 10 V. This buffer is required to provide sufficient charge to the gate capacitance 
and to not drain the 1 MHz block wave clock signal. Sokal’s theory on the design of Class-E amplifiers 
[5] stipulates that for the parameters listed in Table 1, a nominal Class-E power amplifier is created with 
Cs = 143.61 pF and Cp = 19.58 nF.  
 
Fig. 2. Simulations of nMOS driven Class-E amplifier showing transistor Vgs (top). VL and IL (middle) are the required waveforms 
to generate the magnetic field in the Helmholtz coil. Finally Vds and Ids of the switch are shown, illustrating the sub-optimal Class-E 
regime (bottom). 
 
For the practical implementation Cs was approximated to 133 pF. Furthermore, sub-optimal Class-E 
operation was selected because it renders the Class-E regime less sensitive to component tolerances, at the 
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expense of efficiency (it results in a higher peak voltage across the switch, without lowering the current 
through it) [8]. To this end, Cp needed to be reduced to 165 pF.  Simulations of these design parameters 
and components, with a power supply of 50 V are depicted in Fig. 2 and show the transistor’s Vgs (top), 
the Helmholtz coil voltage VL and current IL (middle) and the transistor’s Vds and Ids (bottom). These 
simulations illustrate the sub-optimal nMOS driven Class-E regime. 
Table 1. Parameters for Cs and Cp calculation. 
 
 
 
3. Implementation and Testing 
The implementation of the setup can be observed in Fig. 3 and is not straightforward. Both extreme 
voltages (~10 kV) and currents (~10 A) from the coil will also pass Cs. Where the coil was produced with 
Litz-wire to cope with this, special consideration is needed for Cs. Firstly, Class-1 capacitors are needed to 
prevent drift caused by component heating. Secondly, implementing Cs as a bank of 8 times 6 series 
capacitors copes with both current and voltage restrictions. Large resistors are used in parallel with these 
capacitors to cope with component variation, as can be observed in Fig. 3. The capacitors (not visible) are 
located on the bottom side of the PCB. A fan (top right) is used to provide cooling for the transistor and 
the Helmholtz coil is connected with the yellow plugs (top left).  
Although the current through Cp is less (~ 2.4 A), also Cp was implemented as 3 times 4 capacitors in 
series. Furthermore a separation (~ 1 cm) is needed between high and low voltage lines to prevent 
dielectric breakdown. Fig. 4 shows the experimental setup (left), power source and pulse generator (right). 
The detail shows the system functionality of a LED capsule. Also a vibratory capsule [4] was 
demonstrated to be operational through this setup. 
 
 
Fig. 3. Implementation of the Class-E driver. The fan provides additional cooling to the nMOS transistor. The two yellow plugs (top 
left) are connected to the Helmholtz coil. 
Design Characteristic Value 
Choke Inductor Lchoke 150 μH 
Frequency f 1 MHz 
Coil Resistance R 
Coil Quality Factor Q 
1.5   
600 
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Fig. 4. Helmholtz coil (left) where a LED capsule is suspended in a PVC frame (detail). Power source and gate driver can be seen at 
the right. 
4. Conclusions 
With a power supply of 50 V, a dedicated Class-E driver using an nMOS transistor, generates a Vds of 500 V driving 
an alternating current through a 147 μH Helmholtz coil. The resonant circuit generates voltages of up to 10 kV and 
currents of ~ 10 A passing through the coil, thereby generating an alternating magnetic field at 1 MHz. This field is 
sufficiently strong to drive both an LED and a self propelled gastrointestinal inspection capsule developed in earlier 
works. The volume in which capsule operation is guaranteed, is boosted (by a factor of 20 compared to previous 
work) to 0.18 m3, covering the complete upper body. 
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